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ABSTRACT 
One of the most important challenges for pharmaceutical and cosmetic industries is the 
solubilization and preservation of their active ingredients. Therefore, most of these 
formulations contain irritant chemical additives in order to improve their shelf-life and 
the solubility of hydrophobic ingredients. An interesting alternative to chemical 
surfactants and preservatives is the use of biosurfactants, thus their surfactant properties 
and composition make them more biocompatible than their chemical counterparts. 
Moreover, some biosurfactants have shown antimicrobial activity, in addition to their 
detergent capacity. 
In this work, it was studied the antimicrobial and irritant effect of two biosurfactant 
extracts, one produced in a controlled fermentation with Lactobacillus pentosus and 
other produced from corn stream by spontaneous fermentation.  
The results showed a strong antimicrobial activity of the biosurfactant extract obtained 
from corn stream on pathogenic bacteria, in comparison with the L. pentosus 
biosurfactant extract. Moreover, both biosurfactants did not produce any irritant effect 
on chorioallantoic membrane of hen´s egg assay contrarily to sodium dodecyl sulfate. 
This is the first study dealing with the application of biosurfactant extracts on sensitive 
biological membranes and the first time that it is evaluated the preservative capacity of 
a biosurfactant extract obtained in spontaneous fermentation, achieving promising 
results. 
Keywords: biosurfactant; preservative; non-irritant; corn; Lactobacillus pentosus; 
Escherichia coli; Candida albicans; Aspergillus brasiliensis.   
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INTRODUCTION 
An important aspect in different industrial sectors like the cosmetic and pharmaceutical 
industries is the preservation and solubilization of active ingredients in their 
formulations. For that, surfactants and/or preservatives are usually chosen. Most of 
them comprise chemical compounds, which in some cases can produce irritant 
responses 1. Over the past few years, the demand of cosmetic and pharmaceutical 
industries for products obtained from natural sources has significantly increased. In this 
sense, it is being looked for more biocompatible preservatives, with lower harmful 
effects than their chemical counterparts 2–7.  
Regarding pharmaceutical and cosmetic formulations, the preservative, irritant and 
emulsifying properties of biosurfactants are the most relevant. However, the 
solubilization and dispersion of certain kind of solutes is also something to take into 
consideration, thus more than 40% of the new active ingredients discovered in 
pharmaceutical industry are practically insoluble in water 8.  
Poorly water-soluble ingredients often require high doses of surfactants in order to 
reach therapeutic plasma concentrations after oral administration. Furthermore, various 
techniques consisting of physical and chemical modifications of drugs, as well as other 
methods like particle size reduction, crystal engineering, among others, are used for the 
enhancement of the solubility of badly soluble substances in water. However, the use of 
surfactants is a basic and oldest methodology8, still used in many cosmetic and 
pharmaceutical formulations.  
Recently, it has been demonstrated that biosurfactants are able to improve the 
preservation and solubility of active ingredients commonly used in these formulations, 
being a good alternative to synthetic ones, which can cause important damages 9–11. 
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Moreover, it has been also proved that some biosurfactants, used as solubilizing agents, 
possess antimicrobial activity 12–17.  
In comparison with chemical surfactants, biosurfactants should be more biodegradable 
because they are composed by lipids, proteins or peptides, and/or carbohydrates 18,19. 
Besides, it has also been demonstrated that they can produce a synergetic effect on some 
antibiotics, improving their antimicrobial activity and their solubilization 20, this is not 
strange because it has been demonstrated that many biosurfactants has antimicrobial 
properties 13,14,21.  
The aim of this work is to study the antimicrobial and irritant properties of a natural 
biosurfactant extract, obtained from the spontaneous fermentation of an aqueous stream 
of corn milling industry and a biosurfactant, obtained from L. pentosus in a controlled 
fermentation. In comparison with other biosurfactants these have the advantage that are 
produced in presence of lactic acid bacteria. 
MATERIALS AND METHODS 
Production of biosurfactant extracts  
Biosurfactant from corn stream (BS-CSL) 
Corn steep liquor (CSL) is a corn stream, coming from the corn wet-milling industry, 
spontaneously fermented by lactic acid bacteria, which are “Generally Recognized As 
Safe” (GRAS) by the US Food and Drug Administration (FDA). It is important to 
underline that the biosurfactant extract obtained from CSL was evaluated in previous 
works, observing its prebiotic effect on Lactobacillus casei, that confirms its non-
toxicity.22 
For the biosurfactant production, CSL provided by Santa Cruz Biotechnology (Lot 
L1813), with a solid content of 50%, was used. Previously to the extraction, CSL was 
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diluted in demineralized water up to 50 g/L. The biosurfactant extract was obtained by 
liquid-liquid extraction, by triplicate, following the protocol established by Vecino and 
collaborators in previous work 23. After extraction, the biosurfactant was separated from 
the organic phase by rotary evaporation, and dissolved in demineralized water up to 1 
g/L. The biosurfactant extract was filtered through 0.22 μm PVDF membrane 
(Millipore, USA).  
Biosurfactant from Lactobacillus pentosus (BS-pentosus) 
L. pentosus CECT-4023T (ATCC-8041) was obtained from the Spanish Type Culture 
collection (CECT) (Valencia, Spain). This strain was grown for 24 h in a 250 mL 
Erlenmeyer flask, with 100 mL of complete medium, so-named by its inventors (de 
Man, Rogosa and Sharpe), MRS Broth, at 31 ºC and 200 rpm. This was used as 
inoculum for a 1.5 L fermentation, in which the culture medium contained 11 g/L of 
glucose and 18 g/L of xylose. Moreover, the medium was also supplemented with 10 
g/L of CSL and 10 g/L of yeast extract as nitrogen source. Finally, it was sterilized (121 
ºC for 15 min) and the inoculum added, and grown for 48 h at 31 ºC, pH of 5.85 and 
200 rpm, in an Applikon fermenter.  
Afterwards, the fermentation medium was centrifuged, and the biomass was washed 
with distilled water twice. Then, biomass was re-suspended in 250 mL of phosphate 
buffer saline (PBS) (10mM KH2PO4/K2HPO4 with 150 mM NaCl). The extract obtained 
was dialyzed against demineralized water at 4 ºC in a Spectra/Por ® dialysis membrane 
(molecular weight cut-off 6000-8000 Da; Spectrum Laboratories, Inc., USA) for 48 h, 
and, finally, the solution was lyophilized using a LyoQuest HT40 (Telstar, USA), 
obtaining a white powder. The solution used during this experiments was prepared 
dissolving this powder in distilled water up to 1 g/L, for comparative purposes. 
Characterization of biosurfactant extracts 
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Critical micellar concentration  
When the concentration of biosurfactant is under its critical micellar concentration 
(CMC), a linear relationship between the surface tension of the solution and the log of 
concentration of a specific biosurfactant can be established 12,24. Thus, to determine the 
CMC of both biosurfactant extracts, different concentrations were prepared. Finally, the 
surface tension of each sample was measured using a tensiometer KRÜSS (K20 
EasyDyne) provided with a Wilhelmy plate method (see Figures 1 and 2 in the 
Supplementary Information). Measurements were made by triplicate to increase the 
accuracy of the results. The surface tension value of demineralized water, 72 mN/m, 
was used as negative control. 
Biochemical analysis 
Biosurfactants are usually formed by biomolecules such as proteins, lipids and/or sugars 
25. For the lipids determination, it was used Sulfo-phophovanillin (SPV) method, which 
allowed to extract and quantify the total amount of lipids 26. For that, 5 mL of a 
chloroform/methanol solution (1:1 v/v) was used to dissolve 100 mg of biosurfactant 
extract. Then, it was mixed and kept at 4 ºC overnight. Secondly, 1 mL of 0.9% NaCl 
was added, and the phase which contained lipids (chloroform) was collected. Once the 
lipid extract was obtained, 80 μL of sample solution were dissolved in 720 μL of 
concentrated H2SO4 (Panreac, Spain), heated at 100 ºC for 10 min, and final cooled to 
room temperature. Then, 2mL of vanillin-phosphoric acid reagent was added and heated 
again at 37 ºC for 15 min for color developing. The sample was cooled again, and 
storage for 45 min in a dark box, and measured with a Horiba OCMA-130 oil content 
analyzer. Cholesterol was used as standard for calibration.  
Additionally, total organic C, O, N and H were determined using thermal conductivity 
detection (TCD). The protocol consists of the sample decomposition by combustion, 
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and its analysis using thermal conductivity detection (TCD) on a Carlo Erba EA- 
1108CHNS-O element analyzer 27. The % of N was converted in peptide content by 
multiplying by 6.25 28. 
Mass spectrophotometry analysis of biosurfactant 
Electrospray ionization mass spectrometry/collisin-induced disociation (ESI-MS/CID) 
was used to characterize all the compounds present in both extracts studied. For that, 1 
mg of the sample was diluted in chloroform, and volatilized under vacuum. Then, a 
current of electrons was used for ionize the molecules, and the fragmentation pattern 
was recorded ESI-MS/CID spectra were recorded on a Mass Spectrometer Bruker 
FTMS APEXIII (Bruker, USA) in positive mode. 
Microbiological quality test 
Before studying the antimicrobial capacity of both biosurfactant extracts, this was 
subjected to a microbiological quality test, in order to confirm the absence of 
microorganisms, in the biosurfactant extracts. In Table 1, it was included the 
microorganisms evaluated, all of them provided by the Spanish Type Culture Collection 
(CECT, Spain), as well as their growth conditions. It was tested the presence of any 
harmless microorganism (e.g. genus Lactobacillus), and the pathogenic ones included in 
the Challenge Test. For that, 49.54 mL of Eugon LT 100 broth medium was mixed with 
5.15 g of the aqueous solution of biosurfactant extract for 20 min, in order to neutralize 
the possible preservative effect of the biosurfactant. Afterwards, the samples were 
grown in Blood Agar for detecting bacteria, and Sabourad Dextrose Agar, in case of 
yeasts and fungi. Selective growth media as Cetrimide, Sabouraud Dextrose 
Cloranfenicol Agar, Baird Parker, and Mc Conkey, for P. aeruginosa, Candida 
albicans, E. coli, and S. aureus and Aspergillus brasiliensis, respectively, were used.  
Samples were incubated between 48-72 h at 32 ºC (see Table 1). 
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Study of the antimicrobial and preservative capacity of biosurfactant extracts  
The antimicrobial activity of the biosurfactant extracts were analyzed following the ISO 
11930:2012 procedure, named Challenge test 29. This protocol is based on the 
inoculation of a product or a solution with a known inoculum of 5 relevant strains of 
microorganisms: E. coli, S. aureus, C. albicans, P. aeruginosa and A. brasiliensis.  
20 mL of the aqueous solution of biosurfactant extract at 1 g/L was inoculated with each 
microorganism in 5 different test tubes, achieving a concentration about 106 CFU/mL 
for bacteria, and around 104 CFU/mL for yeasts and fungi. Then, 1 mL of these 
mixtures was removed after 7, 14 and 28 days, and neutralized using 9 mL of Eugon LT 
100 broth medium. Immediately, the samples were incubated 3 days in Tryptic Soy 
Agar at 32 ºC for bacterias, and 5 days in Sabouraud Dextrose Cloranfenicol Agar at 22 
ºC, for yeasts and fungi. Finally, the quantification of microorganisms was carried out, 
determining the new concentration in CFU/mL (see Table 1). 
Following the log reduction achieved (L) is calculated and converted into percentage of 
microbial load reduction (R) following the Equation 1 and Equation 2, respectively. 
𝐿𝐿 = [log10(𝐴𝐴) − log10(𝐵𝐵)]        𝐸𝐸𝐸𝐸. 1 
𝑅𝑅 (%) = [1 − 10−𝐿𝐿 ]  𝑥𝑥 100       𝐸𝐸𝐸𝐸. 2 
where A is the CFU/mL in the basal sample (as control sample) and B is the CFU/mL in 
the samples treated with biosurfactant extract at different intervals of time. 
Irritant test of the biosurfactant extracts: Hen´s egg test on the chorioallantoic 
membrane 
White leghorn chicken eggs were incubated for 9 days with automatic rotation at 37.5 
ºC. After this time, any defective eggs were discarded. For the assay, the shell around 
the air cell was removed and the inner membranes were extracted to reveal the 
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chorioallantoic membrane (CAM) of the hen´s egg. Then, 0.3 µL of the analyzed 
substances were added to this membrane. NaOH 0.1 N and phosphate buffered saline 
(PBS) were used as positive and negative control, respectively; whereas biosurfactant 
extracts were assayed at a concentration of 1.0 g/L, dissolved in PBS. Also, as positive 
control, a synthetic surfactant was used. In this case, it was chosen sodium dodecyl 
sulphate (SDS) solution, at the same concentration of the biosurfactant extracts, 
dissolved in PBS, as well. The changes in the CAM were observed over a period of 5 
min, and the time taken for injury to occur was recorded. All the assays were carried out 
by triplicate.  
Irritancy was scored according to the severity and speed of damages, following the 
recommended protocol by the Interagency Coordinating Committee on the Validation 
of Alternative Methods (ICCVAM) 30. The endpoints observed were as follows: 
hemorrhage (bleeding from the vessels), vascular lysis (blood vessel disintegration) and 
coagulation (intra- and extra-vascular protein denaturation). The irritation index (II) was 
calculated using Equation 3.  
𝐼𝐼𝐼𝐼 = [(301 − 𝐻𝐻) × 5 300⁄ ] + [(301 − 𝐿𝐿) × 7/300]+ [(301 − 𝐶𝐶) × 9/300]           𝐸𝐸𝐸𝐸. 3 
where H is the time (s) needed to notice presence of hemorrhage, whereas L and C are 
the time (s) that lysis and coagulation phenomena start to appear, respectively. 
RESULTS AND DISCUSSION 
Characterization of the biosurfactants extracts under evaluation 
Table 2 shows the physical and chemical properties of the biosurfactant extracts under 
evaluation. It can be observed that their properties differ from one biosurfactant to 
 10 
another. At the maximal concentration of biosurfactant extracted from CSL assayed (1 
g/L), it was obtained a surface tension reduction of 32 units. This reduction is similar to 
the surface tension reduction obtained theoretically at the CMC. In the case of the 
biosurfactant extract produced by L. pentosus, at the maximal concentration assayed (10 
g/L), it produced a surface tension reduction of water of 22 units, which is similar to the 
reduction achieved at the CMC calculated theoretically. It was observed a higher 
surfactant capacity for the biosurfactant extract from CSL in comparison to the 
biosurfactant extract produced by L. pentosus. Furthermore, the values of CMC also 
showed important differences, being 0.19 ± 0.05 g/L and 2.16 ± 0.29 g/L for BS from 
CSL and L. pentosus, respectively. These results are in concordance with previous 
works 14, where it was observed that biosurfactants produced by lactic bacteria, in 
controlled fermentations, gave CMC values equal or higher than 1.5 g/L 15,16. Moreover, 
the CMC determined for the biosurfactant extract obtained from corn stream is in 
concordance with the CMC previous published by Rincón-Fontán et al. 31,32. It is 
noticed that the CMC value of biosurfactant from CSL was lightly higher than other 
biosurfactants produced by microorganisms such as Bacillus subtilis, Rhodococcus 
erythropolis or Bacillus flexus, that gave CMC values of 0.02 g/L, 0.03 g/L and 0.05 
g/L, respectively 33–35. However, Ohadi and collaborators 36 have characterized a 
lipopeptide produced by Acinetobacter junii B6, being its CMC 0.3 g/L. The differences 
between both biosurfactants under evaluation can be explained in terms of their 
composition, the biosurfactant produced from L. pentosus is a glycolipopeptide, as the 
chemical analysis revealed the presence of lipids, sugars and organic nitrogen 37 
whereas the biosurfactant produced from CSL gave similar properties than lipopeptides 
biosurfactants 23,38. This fact can be explained because they are obtained from different 
sources and under different operational conditions. The biosurfactant obtained from 
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CSL is produced under extreme conditions during steeping process of corn, which could 
activate the production of secondary metabolites as biosurfactants 39,40. On the other 
hand biosurfactant from L. pentosus is obtained under optimum operational conditions. 
Additionally the microbial biomass involved in both processes is different.  
In general, the CMC represents an important parameter for the industrial applications of 
biosurfactants, because it defines the minimum amount of compound necessary to reach 
the maximum reduction in the surface tension. Moreover, it represents the concentration 
of biosurfactant needed to start forming micelles. At the CMC, micelle formation occurs 
and surfactants entrap the drugs or active ingredients within the micelles, allowing their 
solubilization. Therefore, in order to be effective, surfactants have to be above their 
CMC, which is in the range of 0.05–0.10% for most surfactants 8. However, at these 
concentrations, most of synthetic surfactants are irritating 7,41. 
In terms of their composition, both biosurfactants were composed by fatty acids but in 
different proportion, thus following the SPV method, it was detected a lipid content of 
41.3% for BS from CSL whereas it was only detected a 2.5% in the case of BS from L. 
pentosus. These results are in concordance with those previously published, in which 
the major fatty acids identified in these biosurfactant extracts were palmitic acid, oleic 
acid, stearic acid, linoleic acid and linoelaidic acid 21,27,32.  
Concerning to ESI analysis, Figure 1 conveys a comparison between both 
biosurfactants studied in this work. In the case of BS from CSL (Figure 1A), six 
significant signals were detected, at a m/z of 337, 445, 663, 879, and 999. In this regard, 
it is common to find ESI main biomarkers for lipopeptide biosurfactants from 966 to 
1108 m/z, despite the fact that these biosurfactants present other peaks with lower 
masses between 400 and 800 Da 42. For this reason, it can be speculated that the kind of 
biosurfactant extract obtained from CSL correspond to a lipopeptide. Moreover, the 
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signals recorded were similar to the peaks identified by other authors as lipopeptides, 
like fengycin and its homologous 42. For instance, Bie et al., 43 produced fengycin using 
a Bacillus subtilis strain through a controlled fermentation. Then, fengycin was purified 
by acid precipitation with HCl 6N followed by extraction with methanol. Additionally, 
they used a reverse phase C18 analytical column obtaining various extracts. Following, 
they analysed the extracts by ESI-MS/CID, observing high intense signals at 1449, 765, 
773 among other minor signals, depending on the extract. The peaks with lower masses 
are similar to those obtained for biosurfactant from CSL. This fact is remarkable as 
fengycin extracts were submitted to different purification processes, observing how the 
lower m/z signals remained in the final spectra. On the other hand, Li et al., 44 reported 
high intense signals at 933, 805, 533, 412 m/z in the biosurfactant extract produced by 
Bacillus pseudomycoides, using soybean oil waste as the sole source of carbon and 
energy. This extract was obtained from cell-free culture supernatant, and was further 
purified by column chromatography on reverse-phase silica gel, ultra-filtration, 
acidification and lyophilisation. Finally, it was analysed by GC-MS, amino acid 
analyser and LTQ Orbitrap Elite combination mass spectrometer. Then, it was observed 
that the extract contained a novel cyclic lipopeptide with a long-chain fatty acid 3-OH-
C18 and a peptide chain of five amino acids. As it was reflected in Table 3, the ESI 
signals for biosurfactant from CSL were in agreement with those obtained by Li et al. 44, 
presenting peaks with the same m/z., despite the different purification steps. 
On the other hand, the biosurfactant extract produced by L. pentosus (Figure 1B) 
presented five relevant signals: 245, 369, 473, 685, 782 m/z. Although in the literature 
there are some publications dealing with glycolipopeptides and glycoproteins 14,21,37 the 
existence of mass analysis is scarce. For this reason, the signals obtained for 
biosurfactant extract from L. pentosus is compared to those of rhamnolipids and 
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sophorolipids, thus they are in the same range. Therefore, Table 3 includes ESI spectra 
from rhamnolipids, and sophorolipids, with m/z signals at of 677 and 702 45,46.  
According to the elemental analysis, the amount of C was much higher in the BS from 
CSL, due to the percentage of fatty acids were much higher as well. In the case of BS 
from L. pentosus was remarkable the amount of nitrogen. This value allowed 
determining the protein content, which represents a 27.5% in comparison to the 4.2% in 
the case of BS from CSL. That information confirms that biosurfactants are composed 
by compatible molecules like lipids, proteins or peptides, and/or carbohydrates, contrary 
to synthetic surfactants. For this reason, their use in cosmetic formulations would avoid 
side effects of chemical surfactants. Furthermore, the presence of lipids in biosurfactant 
extracts could also be interesting for improving the skin hydration, or avoiding dryness 
or itchiness 47–49. Moreover, the lipid matrix in the stratum corneum plays an important 
role in the barrier function of the skin 50. The main lipid classes in this lipid matrix are 
ceramides, cholesterol and free fatty acids 51, therefore the biosurfactant extracted from 
CSL could provide natural fatty acids to the skin stratum corneum. On the other hand, 
the biosurfactant produced by L. pentosus, due to its higher concentration in proteins, 
would be more suitable for hair conditioners or for regenerating the skin 52. Moreover, 
the general capacity of biosurfactants to solubilize different oils is an interesting 
property for their inclusion in oil-based emulsions or creams, confirmed in the case of 
other biosurfactant produce by Lactobacillus paracasei 53. This fact allows to 
speculated that both biosurfactant extracts studied in this work, produced in presence of 
Lactobacilli strains could have great potential to solubilize essential oils, as well. 
Antimicrobial activity of the biosurfactant extracts  
When biosurfactant extracts were growth on generic culture media such as Blood Agar 
or Sabouraud Dextrose Agar (SDA), no bacteria, yeast of fungi was detected, thus it can 
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be speculated that this extract did not contain the pathogenic microorganisms under 
evaluation. The results obtained in the Challenge test for both biosurfactant extracts are 
shown in Table 4. The biosurfactant extract from CSL was able to eliminate S. aureus 
and E. coli just in 7 days, while P. aeruginosa after 14 days of incubation. Regarding 
the bactericidal effect observed against these microorganisms, the biosurfactant extract 
could be catalogued as preservative type A according to the normative ISO 11930:2012 
29. A cosmetic product can be considered as preservative type A if it reduces in 1 or 3 
logarithmic units the count of C. albicans or bacteria, respectively, after 7 days of 
incubation, and it should not be observed any increment in their growth the following 
days of the assay. On the other hand, a preservative can be catalogued as B if the 1 or 3 
logarithmic unit’s reduction is achieved after 14 days of incubation for C. albicans or 
bacteria, respectively. Taking into account the growth of A. brasiliensis, a product can 
be considered preservative type A or B when it does not exist any increment in the 
number of colonies during the first 14 days after inoculation. Moreover, the growth 
cannot be increased nor reduced in more than 1 logarithmic unit during the next days 
that lasts the assay. 
In comparison, biosurfactant produced by L. pentosus did not diminish the bacteria 
concentration. In fact, the negative value of L (Log reduction) obtained implies an 
increasing in microorganism colonies, what makes this biosurfactant extract an 
unsuitable preservative against bacteria. 
Regarding to fungi and yeast, the biosurfactant extract from CSL, the preservative effect 
was lower than that observed on bacteria. In fact, highest reduction of A. brasiliensis 
conidia was achieved after 14 days (L=1.30), diminishing this value after 28 days of 
conidial load (L=0.70). In regard to C. albicans, a qualitative population reduction was 
observed after 28 days, in terms of log reductions, being the concentration at this time 
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higher than the basal concentration. A similar behavior was observed in the case of 
biosurfactant of L. pentosus, thus the highest reduction of A. brasiliensis was achieved 
after 14 days (L=0.91), decreasing this value after 28 days as well (L=-0.13). For C. 
albicans, the presence of biosurfactant had increased the yeast conidia.  
Finally, the preservative effect of both biosurfactant extracts was also calculated in 
terms of microbial reduction percentage (R), which was higher than 99.999% for all the 
bacteria in presence of the biosurfactant extract from CSL, corresponding with at least 6 
units of log reduction; whereas in the case of A. brasiliensis maximal reduction 
percentages values, 94.998%, were achieved after 14 days, although after 28 days this 
reduction decreased up to 80%. Based on this reduction percentage, it can be speculated 
that the biosurfactant extract obtained from corn, at concentration of 1 g/L, has some 
antimicrobial activity on A. brasiliensis conidia. However, it is not enough to catalogue 
the biosurfactant extract as preservative against moulds. Regarding C. albicans, the 
biosurfactant extract from CSL promoted its growth up to 791% on day 14, and up to 
300% after 28 days. In the case of biosurfactant produced by L. pentosus, at 
concentrations of 1 g/L, only was observed reduction growth for S. aureus and A. 
brasiliensis with maximum reduction percentages of 65.139% after 28 days and 
87.727% after 7 days, respectively. However, for E. coli, C. albicans and P. aeruginosa, 
the effect is contrary, thus it promoted the growth of this strains up to 121%, 188% and 
182% respectively.  
The antimicrobial assay carried out in this work was based on the preservative 
Challenge testing, which helps to determine whether a substance will be effective in 
controlling microbial contamination in a cosmetic product during its shelf-life. 
Furthermore, it confirms its effectiveness in preventing the contamination that might be 
introduced during and after the manufacturing process of a cosmetic product. 
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In the literature, there are numerous examples of antimicrobial assays regarding 
biosurfactants. For instance, Das and collaborators 12 have achieved 100% inhibition of 
E. coli using the biosurfactant produced by L. plantarum; whereas Gudiña et al., 13,14 
have obtained 50.9% and 13.5% of inhibition against P. aeruginosa using biosurfactants 
produced by L. paracasei and Lactobacillus agilis CCUG31450, respectively. Most of 
these results are focused on the growth of pathogenic microorganisms, analyzing the 
capacity of biosurfactant to inhibit their growth, in comparison with samples in absence 
of biosurfactants. However, the antimicrobial assay carried out in this work, is based on 
the capacity of two biosurfactant extracts to kill pathogenic microorganisms, already 
present in a specific media, at their optima conditions. 
In comparison with other assays, Rivardo et al., 20 have observed a synergistic effect 
between a biosurfactant, obtained from Bacillus licheniformis, and various antibiotics 
against a mature 24 h uropathogenic E. coli CFT073 biofilm, corroborating that 
biosurfactants can be good preservatives agents. Although, they observed that the 
biosurfactant produced by B. licheniformis alone was not able to remove the adherent 
cells of the pre formed biofilm. The activity observed on the assay of L. pentosus 
showed a similar behavior, due to this biosurfactant extract was not able to eliminate the 
pathogenic microorganisms either.  
The results obtained for biosurfactant extract from CSL are more in agreement with 
those achieved by Zouari and coworkers 54, which have demonstrated that a lipopeptide 
biosurfactant, produced by Bacillus subtilis SPB1, possess antimicrobial, anti-wrinkle, 
moisturizing and free radical scavenging properties, observing low cytotoxicity against 
human cells. Moreover, Lydon et al., 55 have observed that glycolipid biosurfactants, 
namely sophorolipids produced by the yeast Starmerella bombicola, showed important 
antimicrobial activity against the nosocomial infective agents Enterococcus faecalis and 
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P. aeruginosa, achieving significant reductions in CFU at concentrations of 5 g/L; 
although its antimicrobial activity was lower than that produced by the biosurfactant 
extract from CSL. In the case of L. pentosus, the antimicrobial activity observed was, in 
general, much lower than those reported in literature 55, probably caused by using five-
fold concentrations. 
It is important to notice that most of the biosurfactants studied in the literature showed 
good bacteriostatic properties (agent that stops bacteria from reproducing, while not 
necessarily killing them), but without achieving a bactericide activity (substance that 
kills bacteria). However, the biosurfactant extract obtained from corn milling industry, 
showed a strong response as preservative agent against S. aureus, E. coli, P. aeruginosa 
and A. brasiliensis. In addition, this biosurfactant extract has an important advantage, in 
comparison with other biosurfactants, due to it is obtained directly from an 
agroindustrial stream, with a reduced industrial production cost.  
Irritant response of the biosurfactant extracts on biological membranes  
The CAM of different hen´s eggs was observed over a period of 5 min, after the 
addition of solutions containing both biosurfactant extracts, SDS, NaOH (positive 
control) or PBS (negative control). SDS was included in the experiment, also as positive 
control, to compare the effects between a common chemical surfactant, amply used in 
cosmetic and pharmaceutical industry, and two novel biosurfactant extracts with 
potential uses in these kind of industries. As it can be observed in Figure 2A, SDS 
produced hemorrhage and vascular lysis in the CAM, detected by the presence of 
bleeding from the vessels and blood vessel disintegration. However, the addition of the 
biosurfactant extracts, studied in this work, at the same concentration, did not produce 
any negative effect in the CAM (Figure 2B and 2C).  
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In 1991 the German Federal Health Office coordinated a study to validate alternative 
methods to the Draize rabbit's eye test used to classify the substances included in 
cosmetic and pharmaceutical formulations, according with their irritant capacity on 
mucous membranes, observing a good correlation between this test and the results 
obtained with the HET-CAM assay 56. Therefore, the potential irritability of a substance 
may be detected observing adverse changes, which occur in CAM of hen´s eggs after an 
exposure time. Taking into account the protocol established by ICCVAM 30, those 
substances at threshold concentrations between 1% and 2.5% with an Irritation Index 
(II) < 16 are classified as irritant. At the concentration used, both biosurfactant extracts 
did not produce any hemorrhage, coagulation and vessel lysis in the CAM of a hen´s 
egg, whereas SDS, at same concentration, gave an II of 6.55 as exhibited in Table 5. 
The classification obtained for SDS with this technique was comparable with the one 
published for sodium laureth sulphate surfactant, being both of them considered as 
moderate irritanting substances 57. These authors defined this compound as moderately 
irritant, observing hemorrhage and lysis occurrences in the CAM of the hen's egg in its 
presence. The occurrence of vascular injury or coagulation in response to a compound is 
the basis for employing this technique, as an indication that a product or substance 
would damage mucous membranes, especially the eye, in assays carry out in vivo 58.  
The use of biosurfactants could avoid the damage produced on skin by chemical 
surfactants, which could remove skin lipids and could cause corneocytes swelling, skin 
roughness and transepidermal water loss 49. Additionally, the biosurfactant extracts 
could be used in the pharmaceutical industry to improve the poor solubility and low 
solution rate of poorly water-soluble drugs 8. Usually, water is the solvent of choice for 
liquid pharmaceutical formulations and most of the drugs possess poor aqueous 
solubility 8. 
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CONCLUSIONS 
In the current work, two biosurfactants were compared in terms of antimicrobial activity 
and irritant capacity at the same concentration. It has been observed that a biosurfactant 
extract, obtained from corn milling industry, has important preservative capacities 
against S. aureus, E. coli and P. aeruginosa, killing all these germs in 7 to 14 days. 
Additionally, it has an inhibitory effect on A. brasiliensis reducing the growth of this 
microorganism up to 95%, after 14 days. However, the preservative capacity of the 
biosurfactant extract produced by L. pentosus, gave completely different results. In this 
case, the extract from L. pentosus at the concentration tested, improved the growth of 
pathogenic microorganisms, except in the case of S. aureus and A. brasiliensis, after 28 
and 14 days, respectively. In general, this work proves the potential of the biosurfactant 
extract obtained from CSL as preservative against aerobic bacteria; whereas the L. 
pentosus extract has no preservative activity against aerobic bacteria or moulds at the 
concentration tested. 
On the other hand, in terms of irritation on biological membranes, neither biosurfactant 
from CSL nor the one produced by L. pentosus produced any vascular or coagulation 
injury in the chorioallantoic membrane of the hen's egg. However, SDS used as control 
produced intravascular coagulation.  
This work proves the potential of the biosurfactant extract obtained from CSL as 
preservative against bacteria and surface-active agent, in comparison with chemical 
surfactants, with potential applications in cosmetic industry, as they did not affect 
sensitive biological membranes. 
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 FIGURE CAPTIONS 
Figure 1: ESI/MS spectra recorded for biosurfactant extract from CSL (A) and 
biosurfactant produced by L. pentosus (B). 
Figure 2. Picture of HET-CAM in presence of SDS (A), biosurfactant extract from corn 
(B), or biosurfactant extract produced by L. pentosus (C), respectively.  
